A two layer stacked Sierpinski patch antenna design is presented which shows improved return loss and radiation properties.
Introduction
Several fractal antennas geometries have been introduced and analyzed. One such example is Sierpinski type of fractal geometry, which has been used to design both monopole and patch type antennas. The monopole type Sierpinski antenna exhibits welldefined multi-band characteristics however; the Sierpinski patch antenna does not perform as well as the monopole. Several modifications have been reported to improve the performance of the antenna [1] [2] [3] .
Two layer Sierpinski patch antenna with grid.
A two-layer configuration is one of the several approaches to realize the multi-band behavior of the Sierpinski patch antenna that have been proposed [2] . The geometry of the two-layered patch antenna is shown in Figure 1 (c). The bottom layer is the patch with the structure of second order Sierpinski gasket 1(a). The total length of the gasket is chosen as 44mm. It is placed on the substrate of dielectric constant of 2.2 and thickness of 3mm. A top grid layer of width 0.7mm as shown in Figure 1 (b) is placed above the original Sierpinski patch to provide stronger electromagnetic coupling between triangular patches. The two layers are separated top of by a substrate whose thickness is 0.127 mm and dielectric constant is 2. The patch is fed by the coaxial probe near the apex and simulated using.
Merged stacked Sierpinski antenna
To simplify the structure and make it a single layer structure, the top grid layer could be merged with the fractal layer. At the same time it is crucial to make sure that the important radiation properties of the two-layer structure are maintained. The original second order Sierpinski fractal antenna is shown in Figure 1 (a). Figure 1(d) shows the sideview of the new structure that is formed by merging the fractal and grid The behavior of the two-layered second order Sierpinski fractal grid antenna (with the grid on the top) was compared with that of the modified Sierpinski antenna and the grid merged. The results for the return loss are shown in Figure 2 (a). A slight difference in the resonance frequency seen at high frequency can be due to the effect of the capacitance that is formed by the double layer structure.
It has been shown that shown that bandwidth of a rectangular patch antenna can be increased if a rectangular section from the center of the patch is cut and moved to a lower layer, forming a double layer structure [5] . This concept is used here to obtain better multi-band characteristics. The structure of the stacked Sierpinski fractal antenna is shown in Figure 3 , Figure 3(a) shows the top view and 3(b) shows the side view of the antenna. The top layer, shown in blue, is the merged Sierpinski fractal antenna as described in above section. A triangular patch with the size same as that of the center hole of the fractal antenna is placed on the second bottom layer (red color). These two layers are connected using the shorting patch (black color) as shown. The corners of the fractal antenna opposite to the apex, where feed is located are truncated in order to improve the return loss [4] . The use of a gap at the non-radiating edge, to improve bandwidth of the patch antenna has been analyzed [6, 7] . The gap was introduced mainly to improve the bandwidth but it can also provide better return loss at higher frequencies and improved radiation patterns. The results of incorporating this idea in the stacked Sierpinski patch antenna are presented here. The entire structure, all layers, is split into two halves as shown in the Figure 3 . The gap between the two split halves is 0.5mm.The structure is feed by coaxial cable on the right half. Figure 4 shows the result of the gap coupled stacked Sierpinski antenna. A total of six resonances are seen. The effect of gap is noticeable at frequencies higher than 7 GHz. Three new resonances are now added at 7.2, 8, and 8.7 GHz.
Conclusion
A modified stacked Sierpinski patch antenna obtained by merging the top grid layer with the fractal antenna is presented. This resulted in an additional resonance but has a very poor return loss. Truncating the corner of the Sierpinski structure helped to improve the return loss. A gap structure was analyzed next to obtain an increase in bandwidth. The gap is introduced along the non-radiating edge of the antenna. The effect of the gap is more noticeable at higher frequencies. This also produced patterns that were more omnidirectional. The proposed designs provide more parameters allowing one to control the resonances and the patterns. The work could be extended to third and forth order fractals. 
